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BACKGROUND AND STATEMENT OF ISSUES 

The Texas Natu.rctl Resource Conservation Commiss.io.o (TNRCC) requested that the Texu 
Department of Health (IDH) Health Risk Assessment and Toxicology Program evaluatie the 
potential health risks associated with exposure i.o soil on and near the Frclcl< J. Doyle · 
Transformer Site in Leonard, Faorun County, Texas. The site is an active registered sal-vage yard 
that receives and processes used power traDsrnis~\on transformers for recoverable meta.Ii;. lb.ere 
is conflicting informttliuc. as Lo whether trclllS:fomiers still are being processed on the siti~. The · 
site is bordered to the north by a residential· area, to the east by Leonard High School, to the south 
by an alleyway and two .residences, and to the west by the owner's residence. The alle~,way has 
heavy pedestrian traffic from students of the adjacent Leonard High School. A day cm: center, 
whlch contains outside play areas for children is located southwest of the site across the alley. 

We were asked to bnse our assessment of this site on 19 soil samples collected by the TNRCC 
in 1998. The TNRCC collected one on-site s&mple (6-12 inches deep) from each of three 
identified waste managemerit areas, 13 off-~ite surface soil samples from various areas' of 
suspected contaminant migration, and three background samples from tmaffected ar~s. In 
addition lo the soils samples, four groundwater samples were co11~t.ed fi-om t\.Vo Leoruird 

· municipal water wells and one privately owned drinking water well. Samples were analyzed for 
pesticides, polychlorinated biphenyls (PCBs), semi-volatile and volatile organic chcmi~:als, and 
metals. · 

DISCUSSION 

Based on a review of the laboratory results, the primary contaminant of concern for the. site is the 
PCB Aroclor 1260 (Table 1). This contan:i.inant was found at high concentrations in so;a both on­
and off- the site (Figure 1). The highest on-site concentration of Aroclor 1260 (2,300 .rilg/kg) 
was fo'Ulld in soil from a low ares north of the concrete pad container storage area. The highest 
off-site concentration of Aroclor 1260 (4,100 mg/kg) was found in soil collected from 1he 
alleyway south of the site. Soil samples from the daycare center and the high sohool dxd not 
contain significant levels of PCBs (Table 1; Figure· 1 ). Many of the sample results wei:e reported 
either as ••estimated values" or. as values that were "not recommended for u..<ie because 6f 
associated QA/QC performance inferiot to that from other analysis" (2]. Several of the samples 
which contained extremely high levels.of Aroclor 1260, required dilutions beyond thafwhich the 
laboratozy was capable of performing. None of the groundwater samples contained sii,pliticant. 
quantities of pesticides, PCBs, semi-volatile and volatile organic chemicals or metals. : 

Health Auasm.cnt Comparison Values 

To assess t~ potential health risks assoc;iated with exposm:e to Aroclor 1260 in soil~ we 
compared the reported concentrations to health assessment comparison (HAC) values for non­
carciaogenic end carcinogenic endpoints. Currently. there are no HAC values specifically for 
Aroclor 1260 [l). We based the non-cancer comparison value for Aroclor 1260 on the: Agency 
for Toxic Subst:ances and Disease Registiy's (ATSDR's)minimal risk level (MRL) foJ· the: 
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struci:uraU:y similar compound A.roclo:r 1254. the MRL is an estimate of a daily hum.au 
expoS'llR: to a co.o.tarninant that is unlilkely to cause adverse non°cancer health effects ovt~ a 

· lifetime. We based the cancer risk comparison value for A.i·o]co:r 1260 is on ahe U.S. 
Env.u:onmental Protection: Agency's (EPA's) cancer slope factor for PCBs as class of chemic:alo;. 
md an estimated excess lifetime cancer risk of o.oe-in-one million persom. ExceedinE; a HAC 
value does not imply that a contaminant represents a public health threat, but suggests t1iat the 
col.iil(amfoant wmants further considerrati.011. Although many of the concfl!ltration.s were reported 
as estimat~d values, they were well above health based comparison va.lu.es (Table· i). 

I .... 

! 
Alley 94 J,OOO-A.100 

Background 
PCBs are a group of synthetic orgwuc chemicals that cont.am. 209 individual ehlorinat~:d biphenyl 
compounds (known as congeners) with varying hannful effects. ·They are eitller oily liquids or 
solids and a.re colorless. odorless. and tasteless. There are seven common types of cm:omercially 
available PCB mixtures. also know,n as .. Aroclors", which coo.st:itute 98% of PCBs sold in the 
United States since 1970. The name Aroclor 1254 means that the molecule contains j 2 carbon 
atoms (first two digits) and approximately 54% chlorine by weight (second two digits). The 
more highly chlorinated .A.roclors have been found to have greater potential for adverse hea.h:h 
effects-in humans and animals. There are no known natural sources of PCBs in the IOYl;ifironment. 
Typicru concentrations in soil m-e less th21l 10 to 40 µ.g/kg [3] . 
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Because they don't bum easily and arc good insulating ma?erials.!PCBs have been used:w.idely as 
coolants and lubricants in transformers, capacitors, and other electrical equipment. The: · 
manufacture of PCBs stopped in the Uni~ States in 1977 because of evidence that thej• build up 
in lhe enviTnnment and cause harmiul health effects. Today. PCBs can be released into,the 
environment from poorly rnain:tained hazardous waste sites that process used electrical I 
tr:msformers or by burning of organic wastes in municipal and industrial incinerators. · 

Environmental Fate 
PCBs released into the environment bi.ad s11'0Dgly to soil and sediments and may remaiI:. there for 
several years to many decades. The more highly chlorinated congeners, such as Arocloi 1260 do 
not typic;ally :travel deep into the soil with rainwater. Because of strong adherence to so::I, 
migratio.a of the highly chlorinated PCBs to groundwater and volatilization TD air are ne)Jligible. 

Currently, the major source of PCB release lu the atmosphere is the redistribution of the 
compounds already present in soil llD.d water, Aroclors are no longer produced in the U~S.; 
however, emissions may be discharged into the air from other soUICeS including disposal sites 
containing trdllS.former and capacitor PCB wastes. incincra.tian of waste, end improper disposal 
or spills of the compounds to open areas. PCB vapors remain in air for an average of m;)re than 
ten days, and once in the air they cs.a be citmed for very long distances from where they were · 
released into the environment. Vapors eventually return to the land and water by settlinj~ or 
Q,-a.shout with snow end rain. The higher chlorinated PCBs. such as Aroclor 1260, ate ui.cte 
likely to be associated with the particulate adsorption phase in air than are the lower chlc>rinated 
PCBs [3]. 

In water, a small amount of PCBs may temain dissolved, but most taids to stick to orgn11ic 
particles and sediments. PCBs in watei· can build up in fish and marine animals at 
cODCenn-ations hundreds of thousands of times rughcr than the concentration in water. Cine of the 
most significant sources of PCB exposure by humans is through the ingestion of contaminated 
fish, shellfish, meat. or daizy produccs [3]. 

Toxicological Evaluation 

PCBs are absorbed through ingestion, mhalation and dennal routes, after which they are 
transported similarly through the c.irculatiou. Once they enter the body, they may be sto::-ed in 
body fat and the liver for many months. They also can build up in milk fat and can entei· the 
bodies of infants through breustfeedi.og. 

Health Effects - Non-Cancer 
The most common health effect obseived in persons e)c.posed to PCBs is a form of ski.a. irritation 
known as chloracne. Other health effects that have been reported in humans include ger.ieral 
weakness. numbness oftbe limbs, respiratoi:y symptoms, altered immune response. and damage 
to the liver. Ga.citrointestinal effects such as anorexia, weight loss.1nausea, vomiting. anci. 
abdominal pain have been observed in ,.vorkas exposed to PCBs. Ingestion of PCBs and/or 
swallowing inhaled PCB particles may have contributed. TD these effects [3]. 
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It is not laiown whether PCBs can cause birth defects in humans; !however, some studie~. indicate 
that consumption of PCB contaminated fish during pregnancy can be associated with de:creased 
binh weight, gestational age, and head circumference of infants, as well as a decrease in leaming 
abilities that continued later in life. In the majority of the developmental studies, co-e,q:,osme to 
cbcrnical.s other thon PCBs and differences in lifestyle were not sccounted for. Animal ;;tu.dies 
have conclusively shown PCBs to cause birth defects such as aborti.OllS, stillbirths. and : 
m1derweight offspring. A number of studies bav~ reported an as~ciation between consiunption 
of PCB contaminated fish by women during and before: -pregnancy and subsequent · . 
neurodeveJupmental effects .u1 their infants.· Limitations to these studies include conipaa-ability of 
exposed to control subjects and exposure assessment. In a group of242 infants born to ::notbers 
who either ate fish from Lake Michigan which was contaminated with PCBs and those ~vho did 
not, a weak correlation was found between PCB levels in the umbilical cord and altered: 
~havioral responses which persisted until ~sting ended nt age 11. Postnatal exposure from 
breastfeeding was not related to behavioral pe.tfonnance (3]. ' 

Other effects observed in animals include increased hepatic microsomal enzyme inductfon, liver 
enlargement, fat deposition, fibrosis. and necrosis, increased choltslerol (animals), tLyrc,i4 
enlargement with decreased production of thyroid homiones, increased adrenal gland pr.:>duction 
reported as an adaptive response to stress, facial edema, acne, fingernail loss, loss of hair in 
monkeys, weight loss, and kidney damage. However; the levels necessazy to ptoduce tJ:.ose 
effects were v,:ry high and it is not known if the same effects would happen in people e~:posed 
chronically to lower levels [1 ]. · 

Inhalation of PCBs by wo.rkers employed in capacitor facilities has been observed to cailSC upper 
respiratory tract or eye irritation, cough, headaches, and tightness of the chest. Hepatic ;~ffects, 
such as in.creases in levels of serum liver related enzymes may be related to inhalation cif PCB 
particles [1]. ·: 

The Agency foT Toxic Substances and Di,sease .Registry (ATSDR) has established a chionic oral 
minimum risk level (MRL) of 0.00002 mg/kg/day for Aroclor 1254. This MRL is basc!d on a 
study in which a decrease in fimctiomng of the immune system was observed in rhesus ;:nonkcys 
fed with the compound in a mixture of com oil for a period of SS months. At 55 monthl;, there 
was a significant dose-related decrease in IgM titers in response to challenges with she~p red 
blood cell antigens. The lowest dose level tested. 0.005 mg/kg/day. was collSide;-ed the: lowest 
observable adverse effects level (LOAEL) for decreased antibody response. Studies in i;pecies 
other than monkeys have given inconclusive immunologic fin.dings in that changes in some 
immune parameters were sporadic, generally not dose-related. or occurred at much higher levels. 
Weak correlatioDS between PCB ~osurc and depressed immunological function, sped.fically a 
reduction in natural killer (NK) cells, have been found in humans consuming PCB co.atii.minatcd 
fish; however, these studies are confounded by the coinciding presence of DDT, which· also is 
c:apable of affecting the immune system. The uncertainty factors considered in this study include 
ten for use of a LOAEL, three for extrapolation from animals to humans, :md ten for hucnan 
variability [3]. . 
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Health effects - Cancer , 
Studies in smmals show that PCB' s containing 60% chlorine by weight are clearly carcir10gemc 
and ind.i,cate differences in the carcinogenic potential of other PCB mixtures, based on the degree 
of chlorination. Available data suggest that the carcinogenic potency decreases with the :percent 
chlorination. Hepatocellular (liver) carcinomas developed in rats fed an estimated dose c,f S 
mg/kg/day Aroc1or 1260 for 21 months [1]. · 

Animals trealed intermediat.ely or chronic;ally with Aroclors 1254 or 1260 showed statistically 
increased-incidences of liver odenomas and carcinomas. To investigate hepatic tumor 
· progression after exposure has stopped, groups of rates were exposed for 52 weeks, then 
exposure was discontinued for an ad.diti.oDal S2 weeks. For Aroclor 1260, he: .. stop-study" tum.or 
incidences were greater than those of the lifetime stUdy, indicating persistent biological a.ctivity 
after exposure stops for the more highly chlorinated Aroclors. Other cancers observed iD. animals 
include thyroid gland carcinomas, adenocarcinoma of the stomach, leukemia and lyniphc:1xna [1]. 

A human study analyzing cancer mortality among 2, I 00 workers at a capacitor manufacturing 
plant in Italy found statistically significant increases in death from cancers of the gastroi.utestinal 
traet and blood system compared with national and local rates [4]. Another human study 
involving 2,588 workers at two capacito:r plants in the U.S. have f~und significant increases in 
death :fi.'om·cancer of the liver, gall bladder, and bilary tract [5]. Sludies of associations between 
serum PCBs and hepatic indices in enviromnentelly exposed populations are generally 
inconclusive due to the elimination of other contributing factors $UCh as lifestyle. occupational 
exposures, or consumption of PCB contaminated foods. 

Although studies of workers do not provide enough infOIDJ.a.tion to determine if PCBs ca:use 
cancer in humans, based on the animal studies. the Department of Health and Human Services 
(DHHS) has· deter.mined that PCBs may reasonably be onticipated to be carcinogens. The 
International agency for Research on Cancer (IARC) and the EPA ea.ch have determined that 
PCBs are probable human carcinogens. The EPA has estimated an oral cancer slope foc1or of 2.0 
(1ng/kg/day)·1 for PCB mi:x.tures [1]. 

Public Health Implic:atio.ns 

The primaty exposure pathway considered m this consultation is the possible 'ingestion cif 
contaminated soil from the unpaved gravel alley between the site and the adjacenL day ec;.re center 
and high school; TNRCC personnel reported heavy pedestrian traffic by students from o:f tile 
high school. We also considered exposure to contaminated soil from each of the residen:es th.st 
were sampled. Inhalalian of contaminated dust could be a potential route of exposure; however, 
we would not anticipate it to be a major route of exposure. 

Based upo.o the data that were available for review, we calcuJated ie,n exposttre dose matrix for 60 
· potential exposure scenarios (Table 2). These scenmios include potential exposures to PCBs 
found in soil from the alley and soil from each of the three residences that were sampled. Based 
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on a conservative estimate of exposure, the MRL could be exceeqed at each of these loc:ations. 
While exceeded an :MRL does not necessarily imply a threat to public health, it is noteworthy tl1at · 
ia som~ iostances lhe estimated exposures are less than an order of magnitude lower thin the 
observed LOAEL for immunological eft"ccts in primates. Since the observed LOAEL was the 
lowest dose tested, the actual LO.Afil. could be considerably lowe1·. . 

Assuming an average body weight of 50 kg (high school age teenager)~ an exposure period of 
196 days per year (excludes summer months) for four years, and an average of one houi· possible 
contact time per day (time spent in the nlleyway; daily ingestion rate adjusted based on contact 
time), we estimate that there would be no apparent increase in the lifetime r.i.sk of devefoping 
cancer. 

Child Health Initiative 
ATSDR's Child Health Initiative recognizes that the unique vulnerabilities ofinfants ai.d 
children. demand.special emphasis in comrnuoities faced with contamination of their water, soil, 
air, or food. Children are at greater risk than adults from certain kinds of exposures to hazardous 
substances emitted from waste sites and emergency events. They are more likely to he ,2xposed 
because they play outdoors end they often bring food into contsiminatcd areas. They an: shorter 
than adults, which means they breathe dust, soil, and heavy vapors close to the ground, : Children 
also are smaller, resulting in higher doses of chemical exposUIC per body weight [6]. The 
developing body systems of children can sustain pennenent damage if toxic exposures (>ccur 
during critical growth stages. Most importantly, children depend completely on adults for risk 
ideJitification and management decisions, housing decisions, and access to medical care. · 

The IDH evaluated the potential for children living in the vicimty of the Doyle Transfocmer Site 
to be e:11.1><>sod to polychlorinated biphenyls at levels of health concern. Cunently children are not 
likely to be chronically exposed to cootamlnants at this site; however. infrequent contact is 
possible. 
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.90-01 Upgradiem 1t0111 site - backe,!-oll!1d $11npk ~D~le 

S0,02 Upgnwi~t from site O ~iwowut sample: 0,033, t:lO 

SO-Ol Upgrsdienr fron1 gii.e - ba.cl(gmund sample 3.4" 9 

S0-()4. S-part ,omposita sample 0-6" cle,:p Cru@ grassy 0,07:1 00 

&cajust north ofLeoaard Hii,.h School 

.SC>!IS 5- part composite sample IMS" deap &om (!;Ja'IS'f 0,031 °0 

area just 111•E:St af'Leoiwc! High School 

SO-OG 5. pm C01ll!70Site 511i11plc: 0-4i' d!lll~Ol'I\ r;r~ 0.037 °0 

11rcajusLsuulh ufLcun11r4 I·ligll Sc ol 

S0-07 grab sample from the dmi::r ditch along Cl.'12 s,;, 

&lckbeny Sil'CCr ea~ of Pop u Stre.el. ~-
S~lil grub :mmplc &om !he cast cinjnagc: dircl, locnlc:d 0.73 OIG> 

~lent: Popll1f Street.sooth ofHa.ckbcl'I')' Siacct 

S0-!.19 grab samrile mim the imt dr.ilaage clitob located 
ulon:; Pupllll" Stm:1 sou!h otbm:k:bdty Street 

2.11 '"' 

50-10 duplicate of"ISO-09 J.O o" 

SCJ-11 grab sample: .&,:,ma IGW ApOt in dlu NE comer of ll 0 

I.he n=st n:sidc:ntlal yard acijaeent to me site I 
I 

S0-12 5-pan campo.itc ,a111ple D-6" ilcqi from !he OJ:2 rJ'Q 

~cky:ud of II lbf'l'iler dsy care cc11111r 11djace11t tel 

lhe s.ile 

S0-13 i;rab S3mple from 'lhe public rallcy"'lly locau:d !)4 "" 
soulii oJ"lhe sire's perimeter fence 

50-14 grab sample :trorn the public mllcyway located 
south of the site's pcrimctc:r 1c11g; 

l,000""' 

SO-!S d1111lii:acc af'S0-14 4,l00& 11 

S0-Jli gra1I sami:le c:allei:ti:d fi-am a low area along lhe 85 Cl~ 

~L ren1:1; I inc of m arljaccnt resiclentlal yard 

SO-l7 Sfllb s.ample callelled !rum Lhe tl'llmSforma eff• 0.1\'i 110 

load area loCMed nonh cif&hc shop 

S0-1~ grab sumplc c:oUcctcd ~11111 low an:a 1!16nh of'Ehe I ,llOO and 2,,300 (in dilution mnple) " 1 

c:cncrere p;id coa.1e1!ner stOJ'IISC ~ 

SO-I.~ (J1'3b sample Cqll,,,1111:d l'mm slow ruaa \!Ill.St ofth<a R.7 llM:!l.& (h11 clilu~on rmmpic) 'I' 

tlllnSfonncr stonigc: ilfca in w SE comer of the situ,_ 
,J,Now-c:lll'lccr HAC 'll~Uc derived f'tom the J;:.PA Rl0 II.lid ATSDR M1U. cu 0,0002 nis/ks/d'l}f fbr J\i>oc:lo.r 1254. CancuHA.C val~ e derived 
from EPAs oral !llnrc faetor of2 (mg/kg/d.iy)"' tor 110\yc.borinau:d bipl!.cn)ll.s. Mt!UITICfi a body wsigilt of 10 k& foe cl1iloo:n Mc.I 70 !,;g fbr Mules 
and e soil WIT5umplian ml!: 0f lOU mg tor adults and 100 mg far dlildrc:n. · 
0 rc:swt oo! n:c:ammen!L:d fur 11se bac.aU&e of nssocillleil QAJQC pc:rfomu1m:c mferior ta mat ftom otl!cr ao:i.lysis 
~ 6c:.stim.1~ vahua 
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Soil CIIQCC!ilr»laD!Jl.;, 41, II.DO 1111ef1-e Aroclor llldiO it! ttic alleyway 

(!Nigh odii:mR ~tuileat expaa11n ~coll!\rla 11£SYD1es e:.posure occ11rs l il1011r per llsy, U6 dnys !)er )'f~r. &al ingesrlion li'are oi~IW2.d 1111 
rdlr.d 111arllo!lr cxpo11m~} . 

Di wt a 
Age !Ku;~ F..a.il lfn~CPUoft Rai:c (m(';lld l!uim) 

so !CCIIJ 

ISO rre111> 

711) mdul!: 

lHii 34 5.0ir.10-G t.DdOoS l.0xl0..S ··11.~1R');\; --~i .- ::~;~~ 
3§ 10-11 2.h:10-6 i,.Jdo,,6 8.Gx10"'5 l.3lilD-S 1.71(10-5 

10 adult l.ll<I0-6 2,lxlo-6 4,Sll.10-6 6.4.dlMi Ull.10-& 
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CONCLUSIONS 

l. .Overall, exposure to soil on and around the Doyle TraDSfozmer Site poses a put-lie health 
hu.ard.becausc of the presence of the PCB Aroclor 1260 in the soil. Chronic iiigestion of 
small amounts of soil from around this site could result in exposure doses that exceed 
EPA's rcference·dose and ATSDR's minimum risk level. Given the level ofUIJcertainty 
surro1mdjng the lowest e:ffect-s level observed. in primate studies upon which the RID and 
.MRL are based, it is possible that e,q,osure to PCBs in soil near this site could 1esult in 
adverse health outcomes. · 

2. Soil contaminated with PCB Aroclor 260 has migrated to the alleyway south of, the Doyle 
Transformer Site as evidenced by the very high levels of PCBs were DJ.easured in soil 
frotn the alleyway. Students from the adjacent Leonard High School frequent this 
alleyway during the no~ school year. Chronic exposure to this soil could po'.se a public 
health hazard. . . 

3. Soil on the Doyle Transformer Site contains elevated levels of PCBs; particular;.y high 
levels were found near the concrete slab used for processing transfonners. The :resident 
on site could be exposed to PCBs in the soil at concentrations that pose a health hazard. 

4. Soil from the two residential yard1: irnrnediately south of the site contains PCBs at levels 
well above background. Chronic inge~tion of these soils by small children or adults could 
pose a public_ health hazard. 

5. The low levels of PCBs found in soil from Leo.card High School and from the day care 
center south of the site do not pose a public health hazard.; 

RECO:MMENDATIONS 

1. Soil from the alleyway between the Doyle Transformer Site and the daycBie shciuld be 
removed. · · 

2. The PCB contaminat.ed soil a.round the concrete pad container storage area on tl;.e $ite 
should be removed and future processing activities should be monitored to previ~nt further 
contamination. 

3. The PCB contaminated soil from the two residential yards immediately south of" the 
slleyway should be removed and replaced with clean soil. : 
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CERTIFICATION 

This Health Consultatio1) was prepai·ed by the Texas DepS11me.nt of Health wuler the a 
cooperative agreement with the Age~ for Toxic Sub.stances and Disease Registry (A TSDR). It 

is in ac;cordance with approved methodology and procedures existing at the time tbJ~ Health 
Consultation was initiated. 

Technii;al Projec;t Officer, SPS, RPB, DHAC 

The Division of Health Assessment and Consultation, ATSDR, has reviewed this Health 
Consultation and concurs with its findings, 

Director, DHAC~ ATSDR 
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